Introduction
The chem otherapeutic potential of the 8-aza analogues of the naturally occuring purine bases is well docum ented [1] . In particular, pronounced anti neoplastic activity has been dem onstrated for 8-aza guanine. It has been postulated that characteristic conform ational changes at the glycosidic bond N 9 -C l ' may be responsible for the mode of action of the 8-azapurines, but that alterations in the hydro gen bonding pattern and in electronic structures with regard to the naturally occuring parent nucleosides may also play a significant role [2] . Introduction of a third nitrogen into the five-membered ring of the heterocyclic bases leads to a m arked reduction of the basicities of the adjacent atoms N 7 and N9. M olecu lar orbital calculations have indicated that the 8-aza nitrogens carry virtually no residual charge [2, 3] , M etal coordination to base nitrogen atoms of the 8-azapurines will initiate further alterations in the charge distribution within the heterocycles and may also influence the nature of hydrogen bonding interactions between base pairs. Those metal com plexes of 8-azapurines, which have previously been characterised by X-ray structural analysis, are difficult to categorise, as exemplified by studies on 8-azaadenine (A A dH ) and 8-azahypoxanthine (A H xH 2). W hereas the reaction of 8-azaadenine with CuCl2 in 0.36 M HC1 leads to ring opening at C2 [4] , Z n(II) interacts under similar acidic condi tions with the protonated base at N 3 in the complex Z n(A A dH 2)Cl3 [5] . Hg(II) also interacts with N3, albeit very weakly, in the complex H g(A A dH )2Cl2 [6] . Contrasting binding modes were observed for the metal cations in the tetraaquo-bis(8-azahypoxanthinato) complexes of Cd(II) and H g(II), namely N7 and N 9 coordination respectively [6, 7] , Crystal structure determ inations have established the pro tonation sites as N1 and N 9 for 8-azaguanine m onohydrate [8] and N1 and N 8 for 8-aza hypoxanthine [9] . No analogous information is available for 8-azaadenine. With the exception of H g(H 20 ) 4(A H xH )2, the results of these early metal binding studies for 8-azapurines are in apparent con trast to the general rule for purine bases, namely that the metal cation will coordinate first to that nitrogen atom in the five-membered ring which is protonated in the free neutral base, this being normally N9.
On account of its ability to function as a uniligating Lewis acid with minimal steric effects, the CH 3H g+ ion has proved to be a suitable cation for the charac terisation of binding sites in nucleotides and nucleobases. We have recently reported the characterisa tion of 1:1 neutral and 1:1, 2:1 and 3:1 cationic com plexes of C H 3H g+ with 8-azaadenine [10] . O ur inves tigation establishes N9 as the primary binding site with N I, N3 and N 6 as potential secondary binding sites. Metal coordination of the triazole nitrogens N 7 and N 8 was not observed. N 9 was likewise estab lished as the primary binding site for adenine itself in analogous studies [11 -13] . In contrast, however, N7 was coordinated in both the 2:1 and 3:1 complexes. In agreem ent with the conclusions from molecular orbital calculations, these findings suggest that the pyrimidine nitrogen atoms may be the predom inant secondary sites for metal binding in the 8-azapurines. They also indicate, in contrast to previous conclu sions, that the primary metal binding site for the 8-azapurines may not, in general, differ from that in the analogous naturally occurring purine. We have now extended our studies to 8-azaguanine (A G uaH 2) and 8-azahypoxanthine and re port here the characterisation of the complexes (3) and present the X-ray structural analysis of 3. The urgent need for a clarification of the prefered binding sites for these two bases has been underlined by very recent synthetic work on C o(II), Pd(II), C u(II), A u(I), and A u(III) com plexes [14, 15] , in which no definite conclusions could be drawn with regard to the position of metal coordination. To complete a comparison of IIB metals we also report the structural characterisation of Z n(H 20 ) 4(A H xH )2 (4).
With 9-methylguanine (9-M eG uaH ) both 1:1 neu tral and 1:1 and 2:1 cationic complexes of C H 3H g+ could be isolated [16] , N1 coordination was ob served for the 1:1 neutral complex and N7 coordina tion for the cation [(CH 3Hg)9-M eGuaH~], Both nitrogen atoms are coordinated in the cation [(CH3Hg)29-MeGua~], We have investigated the in teraction of C H 3H g+ with 8-aza-9-benzylhypoxanthine(9-BzAHxH) under similar conditions, with the aim of establishing w hether the triazole nitrogens N7 and N 8 participate in metal binding. We were, how ever, only able to isolate one complex in the pH range 2 -10, namely [(CH3Hg)9-BzAHx] (5), the structure of which is presented in this work. Experimental 8-Azaguanine and 8-azahypoxanthine (Sigma) and m ethylmercury(II) hydroxide (Alfa) were used as re ceived. 8-Aza-9-benzylhypoxanthine was prepared as described previously [17] , 'H NMR spectra were recorded on a Perkin-Elmer EM 390 spectrom eter for DMSO solutions at 20 °C using TMS as internal re ference. < 3 values are in ppm. Microanalyses were perform ed with a Perkin-Elmer 240 instrum ent.
Preparation of 1-5
All preparations were carried out at ambient tem perature in a well ventilated fume hood.
The pH value of a solution of 8-azaguanine (0 .182g, 1.2 mmol) and methylmercury(II) hydroxide (0.279 g, 1.2 mmol) in 20 ml water was adjusted to 5. Slow evaporation yielded a white precipitate, which was washed with ethanol and ether. X-ray structural analyses of 3 -5 Crystal and refinem ent data are sum m arised in Table I . Intensity data were collected in the w-mode with graphite m onochrom ated M oK a radiation (A = 0.71073 Ä). Empirical absorption corrections were applied to the intensities. The structures were solved with the help of Patterson and difference syntheses and refined by full-matrix least-squares. The positions of all hydrogen atoms in 4 were located in difference syntheses and refined freely. All non- hydrogen atoms in 4 were assigned anisotropic tem perature factors. Hydrogen atoms could not be lo cated for 3 and 5 and were not included in the refine ment. The Hg atoms in 3 and 5 were refined anisotropically, all other atoms isotropically. The benzene ring in 5 was treated as a rigid group. Weights were given by the expression w = k[cr(F 0) + p2F02]-1. Table II lists the final atom coordinates with equiv alent isotropic tem perature factors. Bond lengths and angles for the metal atoms are presented in Table III . Lists of observed and calculated structure factors may be received from Fachinformationszentrum Energie, Physik, M athematik GmbH, D-7514 Eggenstein-Leopoldshafen 1. The Registry-N r., CSD 52069, the names of the authors and the reference should be given.
Discussion
The structures of the 8-azahypoxanthine com plexes 3 and 4 are displayed in Figs. 1 and 2 . The conventional num bering scheme for purine bases is used throughout this work. Only the 2:1 neutral complex 3 with N 1 and N 9 metal coordination could be isolated in the pH range 2 -10, although solutions with 1:1 and 3:1 stoichiometries were also investi gated. A 1:1 complex was isolated for 8-azaguanine at a pH value of 5, a 2:1 complex from a weakly alkaline solution. Metal coordination of N 9 is ob served for the zinc atom in 4. These results indicate that, with regard to the prefered binding sites, the interaction of 8-azahypoxanthine with metal cations in the pH range 2 -10 is analogous to the behaviour reported for the parent purine base. N 9 is the pri mary binding site followed by N 1. A consideration of the present findings, taken together with our study of C H 3H g+ complexes of 8-azaadenine [10] and the re ported structures of H g(H 20 ) 4(A H xH )2 [6] and C d(H 20 ) 4(A H xH )2 [7] , leads to a reinforcem ent of our previous conclusion [10] that the ligand proper ties of the 8-azapurines are more similar to the natu ral purines than was previously supposed. Indeed metal coordination of an anomalous primary binding site at a biologically relevant pH value has only been confirm ed for Cd(H 20 ) 4(A H xH )2), in wich N 7 is coordinated, leaving N 9 both uncoordinated and unprotonated. An explanation for the unruly coordina tion behaviour of the IIB metals in the complexes M (H 20 ) 4(A H xH )2, M = Z n, Cd, Hg, is not im m edi ately apparent. N 1 and N 8 are protonated in the crystal structure of 8-azahypoxanthine [9] . On basis of this evidence, N 8 might, therefore, be expected to be the prefered site for m etal binding to the triazole ring. However, Pull man and B erthod [18] have calculated that for 8-aza derivatives of adenine, guanine and hypoxanthine the relative stabilities of the three potential tautomers decrease in the order N (9 )H > N (7 )H > N (8 )H , even when the N(7)H tautom er is more stable than the N(9)H tautom er in the natural purine. The N (8)H tautom ers are always 20-30 kcal/mole less stable than the other two tautom ers. The energy dif ference between the N(9)H and N(7)H tautom ers is relatively small, which means that the hydrogen bonding pattern or even crystal packing effects could be responsible for the crystallisation of an N(7)-coordinated complex in the case of C d(H 20 ) 4(A H xH )2.
We were unable to grow suitable crystals of the 8-azaguanine complexes 1 and 2. However, on the basis of their *H NM R spectra, it is apparent that one of the triazole nitrogens is coordinated in both complexes, with N 1 also being coordinated in the 2:1 complex. Taking into account the above discussion, it seems reasonable to assume that N 9 is the triazole nitrogen binding site, i.e. that the ligand behaviour of 8-azaguanine is analogous to that of 8-azahypoxanthine in this respect.
In complex 3 0 6 takes part in a relatively strong interm olecular secondary bond of length 2.739(7) Ä to H g9. It is also involved in weak intra-and inter m olecular interactions with respective lengths of 3.002(8) and 3.027(9) Ä to H g l. The secondary coordination of H g9 is com pleted by N 3 of a sym metry related molecule at a distance of 3.022(10) Ä. In contrast to the CH 3H g+ complexes of 8-aza adenine, N 8 is not involved in secondary bonding.
These findings prom pted us to study the ligand properties of a 9-substituted derivative of 8-azahypoxanthine. N 7 is the prefered coordination site for guanine and hypoxanthine nucleotides in neutral or moderately acid solution [19] . However, at pH val ues in the range 2 -10, we were only able to isolate one CH 3H g+ complex of 8-aza-9-benzylhypoxanthine, namely [(CH 3Hg)9-BzAHx] 5, in which N 1 is the primary binding site. As a result of the m arked reduction in charge density at N 7 in this 8-aza deriva tive in comparison to the natural purine base, the stability of complex cations with metal binding to this site is obviously significantly reduced. However, N7 does participate in secondary bonding to the Hg atom (Fig. 3) , which is also involved in weak intraand interm olecular interactions with 0 6 . This leads to chain building in the direction of a axis, in which 0 6 and N7 participate in a weakly bonded chelate ring. Such a coordination mode for primary binding has often been suggested for guanine and hypoxanthine complexes [20, 21] but has not, as yet, been established by X-ray structural analysis. Our results suggest that with N 9 blocked, N 7 of an 8-azaguanine or 8-azahypoxanthine may not be competitive as a site for metal binding in the DN A in which the 8-aza derivatives act.
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